Melanops is an uncommon genus in Botryosphaeriales that until now has been found only on Fagaceae hosts. It can be distinguished from the other Botryosphaeriales by having large, multiloculate ascomata and conidiomata with locules arranged at various levels within the stroma and a narrow, persistent mucous sheath surrounding the ascospores and conidia. In the present study, the morphology and phylogenetic relationships of Melanops specimens collected from Castanea mollissima and Quercus sp. in China were studied. As a result, Melanops castaneicola sp. nov. and Melanops chinensis sp. nov. are introduced, and a comparison with accepted Melanops species is presented.
Introduction
Melanops (Melanopsaceae, Botryosphaeriales) is a small genus comprising only M. tulasnei and an unnamed culture, CBS 118.39, possibly M. quercuum. Melanops is the sole genus representing Melanopsaceae (Crous et al. 2006 , Phillips & Alves 2009 , Slippers et al. 2013 , Wijayawardene et al. 2017 . Morphologically, Melanopsaceae differs from the other genera in Botryosphaeriales on account of the relatively large, multiloculate ascomata and condiomata with locules arranged at various levels within the stroma, and ascospores and conidia surrounded by a narrow, persistent mucous sheath (Phillips & Pennycook 2004 , Phillips & Alves 2009 , Slippers et al. 2013 . Melanopsaceae groups most basal in the Botryosphaeriales, together with Aplosporellaceae, Planistromellaceae and Saccharataceae (Phillips et al. 2013 , 2018 , Slippers et al. 2013 , Wyka & Broders 2016 , Yang et al. 2017 .
Botryosphaeriales are widespread, common and important fungal pathogens of woody plants, and many are also known to exist as endophytes in healthy plant tissues (Slippers et al. 2017 ). However, whether Melanops tulasnei is pathogenic or endophytic is not known, as it appears to infect woody tissue and sporulate on the dead tissue similar to other Botryosphaeriales.
In an ongoing study of Botryosphaeriales in China, specimens with typical characteristics of Melanops were collected from Fagaceae trees. The purpose of the work presented here was to identify the fungi in terms of morphology and phylogeny. 
Isolates and morphology
Two fresh specimens from dead and dying Castanea mollissima and two from Quercus sp. trees were collected from Hebei and Shaanxi Provinces in China. Single conidial isolates were established by spreading a mucoid spore mass taken from conidiomata onto the surface of PDA plates. After 48 h of incubation at 25 °C, plates were examined with a dissecting microscope and single germinating spores were transferred with a sterile needle to fresh plates of PDA. Herbarium specimens were deposited in the Museum of Beijing Forestry University (BJFC) and cultures maintained in the China Forestry Culture Collection Center (CFCC).
Species were identified based on morphological features of the conidiomata and conidia produced on the dead and dying plant tissues. Cross-sections of conidiomata were cut by hand with a razor blade. Specimens for microscopy were mounted in 100% lactic acid. At least 20 conidiomata and 50 conidia were measured to calculate their mean size and standard deviation. Dimensions are reported as maximum and minimum in parentheses and the range representing the mean, plus or minus the standard deviation with the number of measurements given in parentheses (Voglmayr et al. 2017) . Microscope images were captured with a Nikon Eclipse 80i microscope equipped with a Nikon digital sight DS-Ri2 high definition colour camera, using differential interference contrast (DIC) illumination and the Nikon software NIS-Elements D Package v. 3.00. Culture characteristics of isolates were recorded after one month of incubation on PDA in the dark at 25°C.
Molecular characterization and multi-locus phylogenetic analysis
Genomic DNA was extracted from cultures grown on PDA overlaid with cellophane using a modified CTAB method (Doyle & Doyle 1990 ). The internal transcribed spacer (ITS), ribosomal large subunit (LSU), part of the translation elongation factor 1α (tef1) and part of the beta-tubulin (tub2) gene, were amplified with the primers ITS1 and ITS4 (White et al. 1990 ), LR0R and LR5 (Moncalvo et al. 1995 , Vilgalys & Hester 1990 ), EF1-688F and EF1-986R (Alves et al. 2008 , Carbone & Kohn 1999 , and Bt2a and Bt2b (Glass & Donaldson 1995) , respectively. PCR was done by the methods described by Phillips & Alves (2009) . The PCR amplification products were visualised by electrophoresis in 2 % agarose gels and sequenced by Shanghai Invitrogen Biological Technology Company Limited (Beijing, China).
Sequences obtained from this study and reference sequences obtained from GenBank (Table  1) were aligned and edited manually using MEGA6 (Tamura et al. 2013 ). The alignments were concatenated for phylogenetic analyses. Maximum parsimony (MP) analysis was conducted with PAUP v.4.0b10 (Swofford 2003) , and maximum likelihood (ML) analysis with PhyML v.7.2.8 (Guindon et al. 2010) . Sequences of novel species were deposited in GenBank (Table 1 ). The multilocus file was deposited in TreeBASE (www.treebase.org) as accession S23609. Introduction of the new species based on molecular data followed the recommendations of Jeewon & Hyde (2016) . 
Results

Phylogenetic analyses
The combined LSU, ITS, tef1 and tub2 data set consisted of 46 strains with Lecanosticta acicola (CBS 164.96) as the out group taxon (Wyka et al. 2016) . The alignment comprised 2459 characters of which 1245 characters were constant and 352 variable characters were parsimonyuninformative. MP analysis of the remaining 862 parsimony-informative characters resulted in 2 equally most parsimonious trees, and the first tree (TL = 4715, CI = 0.469, RI = 0.669, RC = 0.314) is shown in Fig. 1 . The topology of the phylogenetic tree obtained from ML was similar to the MP tree. The two novel species appeared in two distinct clades with high bootstrap support (Fig. 1) . Sexual morph -Not observed. Asexual morph -Conidiomata 1-2 mm wide, 0.2-0.5 mm high, pycnidial, multilocular, thick-walled, dark brown to black, semi-immersed in the host becoming erumpent when mature. Wall composed of dark-walled, thick-walled cells of textura angularis becoming progressively thinner-walled and paler towards the loculi, individual locules 50-200 μm diameter. Ostioles circular and central on each locule, non-papillate. Paraphyses 1.5-2 μm wide, up to 30 μm long, filiform, septate, unbranched, arising between the conidiogenous cells, tip rounded or slightly swollen. Conidiogenous cells, 5-15 × 2-4 μm, cylindrical, hyaline, unbranched, discrete, formed from the inner wall of the forming a single conidium at the tip and proliferating percurrently to form one or two annellations, rarely proliferating at the same level giving rise to periclinal thickenings. Conidia (50.2-)56.3-66.7(-72.1) × (12.4-)12.9-14.6 (-15.6) μm, l/w = (3.5-)4-5(-5.6) (n = 50), hyaline, aseptate, fusiform, widest in the middle, apex acute, base truncate with a minute marginal frill, surrounded by a narrow, persistent mucous sheath, contents granular.
Culture characters -On PDA at 25 °C, cultures initially white, becoming grey after 1 week. Colonies flat, with irregular margins; texture initially uniform, producing concentric circles within 1 month at 25 °C in the dark.
Habitat and host range -on dead and dying branches of Castanea mollissima. Additional specimen examined -CHINA, Shaanxi Province, Ankang City, chestnut plantation, 32°13'43.51"N, 109°00'44.24"E, 1810 m asl, on dead and dying branches of Castanea mollissima, collected by N. Jiang, 3 July 2017 (BJFC-S1579, paratype), living culture CFCC 52981.
Notes -Two isolates of Melanops castaneicola cluster in a well-supported clade (MP/ML = 100/100) sister to M. chinensis (Fig. 1) . Melanops castaneicola can be distinguished from M. chinensis by its shorter conidia (56.3-66.7 μm in M. castaneicola vs. 68.1-73.7 μm in M. chinensis). Additionally, these two species inhabit different host genera (M. castaneicola on Castanea vs. M. chinensis on Quercus) in Fagaceae. Melanops castaneicola is separated from M. tulasnei by 10 bp differences in ITS and 7 bp differences in tef1, while 5 bp differences in ITS and 4 bp differences in tef1 separate it from M. chinensis. Etymology -Named after the country where it was first found, China. Typification -CHINA, Hebei Province, Qinhuangdao City, Zu Mountain, 40°14'13.22"N, 119°43'28.42"E, 1125 m asl, on dead and dying branches of Quercus sp., collected by N. Jiang, 5 April 2018 (BJFC-S1580, holotype), culture ex-holotype CFCC 52982.
Melanops chinensis
Sexual morph -Not observed. Asexual morph -Conidiomata 2-4 mm wide, 1-2.5 mm high, pycnidial, multilocular, thick-walled, dark brown to black, immersed in the host. Wall composed of dark-walled, thick-walled cells of textura angularis becoming progressively thinner-walled and paler towards the loculi, individual locules 150-450 μm diameter. Ostioles circular and central on each locule, non-papillate. Paraphyses 1.5-2.5 μm wide, up to 25 μm long, filiform, septate, unbranched, arising between the conidiogenous cells, tip rounded or slightly swollen. Conidiogenous cells 5-20 × 1.5-3.5 μm, cylindrical, hyaline, unbranched, discrete, formed from the inner wall of the conidioma, forming a single conidium at the tip and proliferating percurrently to form one or two annellations, rarely proliferating at the same level giving rise to periclinal thickenings. Conidia (64.4-)68. 1-73.7(-75.1) × (11.7-)12.4-14.5 (-15.6 ) μm, l/w = (4.4-)4.7-5.9(-6.4) (n = 50), hyaline, aseptate, fusiform, widest in the middle, apex acute, base truncate with a minute marginal frill, surrounded by a narrow, persistent mucous sheath, contents granular.
Culture characters -On PDA at 25 °C, cultures initially white, becoming grey to black after 1 week. Colonies are flat, with irregular margins; texture initially uniform, producing concentric circles within 1 month at 25 °C in the dark (Fig. 4) .
Habitat and host range -on dead and dying branches of Quercus sp. Additional specimen examined -CHINA, Qinhuangdao City, Zu Mountain, 40°14'13.15"N, 1193 119°43'28.34"E, 1125 m asl, on dead and dying branches of Quercus sp., collected by N. Jiang, 5 April 2018 (BJFC-S1581, paratype), living culture CFCC 52983. Notes -The two isolates of Melanops chinensis cluster in a well-supported clade (MP/ML = 71/100) (Fig. 1) . Although Melanops chinensis was found on the same tree genus as M. tulasnei (Quercus), M. chinensis has larger conidia than M. tulasnei (68.1-73.7 × 12.4-14.5 μm in M. chinensis vs. 45-46.8 × 9 .1-9.7 μm in M. tulasnei) (Phillips & Alves 2009 ). Furthermore, the two species are separated by 5 bp differences in ITS and 3 bp differences in tef1. 
Discussion
In this study, Melanops castaneicola and M. chinensis are introduced based on morphological and phylogenetic evidence. Hence, at least three Melanops species are now known from cultures and can be distinguished by differences in asexual fruiting bodies and conidial dimension (Table 2) . Interestingly, all three species inhabit Fagaceae hosts in the northern hemisphere. Melanops chinensis forms asexual fruiting bodies fully immersed in the oak bark, different from M. castaneicola and M. tulasnei. It is reasonable that the formation of semi-immersed or fully immersed conidiomata is not related to the host, as Melanops tulasnei has semi-immersed conidiomata in oak barks (Phillips & Alves 2009 ). The most obvious feature to distinct the three species is the conidial dimension (Table 2) .
Currently 103 Melanops species names have been recorded in Index Fungorum (http://www.indexfungorum.org, 2018) and 109 records are in MycoBank (http://www.mycobank.org, 2018). However, some have been transferred to other families (mostly in Botryosphaeriales), the rest remain unsolved. As in the previous research, Phillips & Alves could not establish any cultures of them (2009). Hence, more intensive sampling should be conducted to determine their correct taxonomic and phylogenetic position, which will reveal more unknown taxa.
Until now, whether Melanops species are pathogenic to their hosts or not is not known because they are not commonly found and seldom collected. Many Botryosphaeriales taxa have been proven to be phytopathogens on different plant parts (Phillips & Alves 2009 , Slippers et al. 2013 , 2017 , and Melanops species were collected from cankers on dead and dying branches in this study. Hence, Melanops species might contribute to canker diseases when hosts are stressed. Further collections and inoculation experiments are required, however, to confirm pathogenicity.
